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The body of work presented in this thesis describes the development and structure
of the Regional Great Plains Master Beekeeping training program, which started in 2019,
serves 1500+ beekeepers across five Midwest states (IA, KS, MO, NE, WY), and is
supported through local partnerships and beekeepers. This chapter also discusses the
leadership structure and aspects I developed for program advancement and long-term
sustainability, such as incorporating mentorship and volunteer service goals as well as
requiring independent projects to become a certified Master beekeeper. Independent
projects may focus on research or teaching goals but must illustrate the candidate’s
ability to apply scientific methods and critical thinking skills that will contribute to the
GPMB program and the greater beekeeping industry.
The second chapter of this thesis is an example of a GPMB research-based project
which seeks to evaluate a new field assay that will help beekeepers identify which
colonies are more pest and disease resistant and thus are ideal for breeding and which
colonies should be culled or removed from the apiary. Evaluating the use of alternatives
to liquid nitrogen will allow for cheaper and more mobile testing for hygienic behavior in
small scale and hobbyist beekeeping operations which is critical for selecting and
promoting locally adapted stock. The thesis presented here seeks to describe these
changes and highlights ways the Midwest beekeeping industry has adapted through

training programs that do more than offer knowledge and skills but also promote
experiential learning and retention through community engagement.
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Chapter 1: Development of the Regional Great Plains Master
Beekeeping Training Program
1.1 Abstract
Beekeepers have an impact on the agricultural systems that surround them, which
is important for ongoing food security. However, many small beekeepers are under
equipped to combat diseases, pests, or to expand their businesses. The Great Plains Master
Beekeeping program aims to provide educational resources to beekeepers to expand their
businesses, give them a deeper knowledge of their livestock, and give them the most up to
date knowledge and tools to fight pests and diseases. Beekeepers in the Midwest rely on
other beekeepers to share information and skillsets often through online videos and lecture
presentations which may or may not be relevant for their local region and many of these
online videos are not vetted with evidence-based support. The Great Plains Master
Beekeeping (GPMB) training program was developed in 2019 to identify needs, existing
training opportunities, local bee group partners, and knowledge gaps across the Midwest
states. The GPMB program seeks to standardize science-based content and provide a
structural framework for advancement in professional training opportunities through a
certification process. Local instructors are encouraged to share teaching materials and
content may be improved to promote practices that have been time tested for the region
and or are supported by research and peer-review for quality. This community learning
approach to extension training promotes engagement through the local beekeeping
associations and builds stronger community ties by increasing experiential learning
opportunities and accessibility to quality up-to-date materials relevant to and specifically
designed to address challenges in the Midwest region.
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1.2 Introduction to beekeeping in the US
Commercially managed honey bee (Apis mellifera L.) colonies provide critical
pollination services to over 100 different crops contributing over $19 billion in added crop
value for US agriculture (Khalifa et al 2021). The crops that rely most heavily on insect
pollinators, such as managed honey bees, include specialty cash crops like our most
nutritious fruit, vegetable, legume, and nut crops, intended for human consumption and or
livestock feed. Therefore, promoting practices that support pollinator-friendly landscapes
for both wild and managed bees is an essential component of food production systems
(IPBES 2016). There are approximately 2.7 million honey bee colonies in the United States
(USDA NASS, 2021) available to provide pollination services compared to 4+ million
colonies present in the US from (2020-2021). For the past decade, beekeepers worldwide
have reported consistent losses (30-70%) of colonies (Brodschneider et al., 2018, Neuman
and Carreck 2010, Potts et al 2010). These high losses are attributed to a suite of complex
stressors bees face, and the immense economic burdens of colony losses have put many
beekeepers out of business. The high losses and input required to replace colonies also
prevents new beekeepers from successfully growing and expanding their operations.
Therefore, the decline in bee health and the beekeeping industry represents a serious global
threat to food security, agricultural productivity, and trade.
Honey production is another important economic benefit to beekeepers from large
to small scale and hobbyist operations. In 2020, it was reported that ~148 million pounds
(67,131,670,760kg) of honey was harvested and sold by US beekeepers and at
approximately $2 per pound (bulk price) that equates to an economic value of $296M per
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year (NASS 2021). Typically, each colony produces roughly an average of 54.5lbs
(24.7kg) of honey (NASS 2021); however, the monetary value can be lost if hives are weak
or sick and cannot make pollination service criteria or produce honey. Hive losses can also
discourage creation of small businesses in rural communities, as honey bees can serve as
initial low-cost and low space demanding livestock that can increase income streams for
rural communities that keep bees (Amulen et al., 2019). These incentives highlight the
reasons that beekeepers, especially small-scale ones, need access to legitimate training on
how to keep their livestock alive.
Due to the media publicity surrounding bee declines, there has been growing
enthusiasm from the general public to begin beekeeping; but, without training and
guidance, many who start a hive quickly lose interest and motivation when their colonies
fail. In fact, from 2008-2021 the average winter losses reported by beginning small scale
or “backyard” beekeepers (managing fewer than 50 colonies) was considerably higher
(42%) than sideliner (managing 51-500 colonies), and commercial (managing 500+
colonies) operations across the U.S. (31.9 and 32.9%, respectively) (Steinhauer et al 2021).
Commercial beekeeping operations have the ability to collaborate with researchers,
develop local breeding programs, and attend national beekeeping workshops with tailored
curriculum to commercial beekeeper interests. To contrast, opportunities for backyard
beekeepers to learn and enhance management skills are either self-guided through the
internet or through connections to local beekeepers or groups which may not have the latest
or most accurate information on beekeeping practices. The limited and or inconsistent
quality of training opportunities available to backyard beekeepers may explain the higher
observed losses compared to commercial operations.
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1.3 Current and historical education programs in the Midwest region
Many of the beekeeping courses currently offered through colleges, extension
services, and beekeeping associations in the Midwest and Great Plains region cover
introductory level topics only, leaving mid-level beekeepers on their own for obtaining
more training and information. There is also often little consistency between regions, with
certain clubs teaching outdated or incorrect information to the public. Currently there are
training programs, or Master Beekeeping Programs in 14 states, including the Great Plains
Master Beekeeping program later described in detail and referenced here. These programs
focus on developing colony management skills, provide basic knowledge on bee biology,
pests, pathogens and other stressors to improve colony health and honey production for
beekeepers.
There are also many opportunities in the form of tech teams, breeding initiatives,
and research collaboration that assist commercial scale beekeepers because of the large
number of colonies managed by each operation, but many of those training resources are
not made readily available for the hobbyist beekeeper because they do not own enough
colonies to meet sufficient sample size to participate in field studies or breeding
initiatives. Further, compared to commercial operations, the sideliner and small-scale
hobbyist beekeepers have different logistic considerations, goals, treatment procedures,
and beekeeping management philosophies that can impact the survival and productivity of
their colonies (Underwood et al., 2019). A good example of this is the ways that backyard
or hobbyist beekeepers “survival of the fittest” approach which is widely touted in online
beekeeping communities. This approach, instead of culling and propagation of bee colonies
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based off measurable factors such as reduced mite loads, disease presence, or larger honey
yields, the beekeeper simply keeps colonies that have survived with no informed selection
process. This can lead to “mite bombs” and the spread of Varroa destructor mites because
poorly managed hives become infected by mites and weaken by their associated viruses.
Weak or dying hives become targets for robbing by bees from nearby hives and robbers
than return to their hives with mites and pathogens (Peck and Seely 2019).
Beginning beekeepers with little training or mentor support are more likely to miss
or neglect signs of hive pests and diseases and can become discouraged when colonies fail
to thrive. Unfortunately, the colony losses from neglected or poorly managed hives have
detrimental effects both within the beekeeping community as well as within natural wild
bee communities, especially when diseases are allowed to build and spread among
pollinator communities (Goulson et al., 2015; Peck and Seely 2019). Hobbyist or backyard
beekeepers are especially in need of training, breeding, and research programs but are
typically left out of training programs or assessment surveys because there are fewer hives
per person while commercial beekeepers can offer more concentrated and standardized
apiaries across multiple locations, ideal components for large field-based research projects
and breeding programs. Therefore, commercial beekeepers often get access to researchers,
breeding resources, and support before small scale or hobbyist beekeepers. However, there
are far more hobbyist and small-scale beekeepers than there are large commercial
operations in the Midwest. There are currently no good estimates regarding the number of
backyard beekeepers in the Midwest, but extension programs can help to bring them out in
the open and provide these underserved beekeepers access to more training and
connections with other beekeepers. A robust extension training program can also organize
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program participants, partnering scientists and stakeholders to better inform the beekeeping
community. It could also disseminate and share resources broadly while simultaneously
reviewing, standardizing, and certifying learning goals for the region. The “one roof”
approach to developing standards and program requirements also allows for consistent
quality of information given to beekeepers within each state by bringing their own
experienced beekeepers into a master beekeeping program as leaders in their respective
areas.

1.4 Introduction to the Great Plains Master Beekeeping program
The Great Plains Maser Beekeeping (GPMB) program started in April 2019 with
funding support through the USDA Beginning Farmers and Ranchers Development grant
(grant #123071) and has tailored educational programming for beekeepers of any
experience level through a holistic community-approach that aims to standardize training
opportunities so evidence-based and time-tested practices, resources, and information may
be shared among beekeeping communities within the Midwest states. The program goals,
governance structure, decision-making process, and structural 3-tiered framework allows
for self-paced, customized training that provides greater community engagement, field
training experience, and more suitable guidance for the region and season. Unlike other
training programs, GPMB is not a bee school but rather provides a framework to better
organize and improve existing classes, identify gaps for new classes, provide training and
support for instructors and mentors, strengthen community networks and ties amongst local
bee groups, as well as help disseminate resources and information to enhance hard and soft
skillsets for midwestern beekeepers. The unique structure aims to provide professional
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training beyond knowledge gain regarding bee biology and management but also focuses
heavily on field application of knowledge, land stewardship practices, and leadership and
communication skills.
The program is self-paced and customizable to fit the needs, learning pace, and
interests of each participating beekeeper. Educational objectives are structured to advance
knowledge and skillsets in a logistical and organized manner using a tiered system
approach for advancement which includes Apprentice, Journeyman, and Master levels
(Figure 1.1). To advance levels, beekeepers must meet a set of educational and field
training goals designed to build off the knowledge and skills gained from the previous
levels. Participants are also required to meet volunteer or mentoring service designed to
encourage engagement with local beekeeping groups and to develop stronger community
support for new and advanced beekeepers of all operation sizes and types. Beekeepers that
complete their training become certified master beekeepers and will add additional learning
materials, mentorship service, and or courses to contribute back into the GPMB apprentice
and journeyman levels. The circular structure of continued education maintains
engagement at all levels while flexibility of this system allows the beekeeping community
to address state-specific needs and demands. This regional model also allows participating
states to leverage expertise, online platforms, and resources making it easier to expand and
be adopted in other states. The Great Plains Master Beekeeping system also addresses a
critical need for training beekeepers with some experience in managing honey bees, but
who feel their knowledge and skills are limited. These courses are also often only taught
in English and do not take into consideration the needs of Latinos, Tribal members or other
underserved groups. Advanced training on management practices, product marketing, and
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development of service contracts (i.e. pollination contracts), would greatly improve
business success and growth by supporting the expansion of small scale and hobbyist
operations into larger commercial markets. In addition, due to the COVID-19 pandemic,
the demand for online training has skyrocketed, and as people return to in person courses,
hybrid in-person and online training opportunities create lasting educational impacts in the
beekeeping community without only having face to face interactions. Current online and
in person programming paired with a standardized language, and peer reviewed editing of
courses will allow participants to be able to understand the educational training program,
access the training on their own time, and have an expectation of professionalism and
quality of educational information when it is delivered. The GPMB program supports
beekeepers and programming in six Midwest states (Nebraska, Kansas, Iowa, Missouri and
Wyoming and Michigan) by increasing opportunities for hands-on learning at all levels
and providing train-the-trainer opportunities for advanced beekeepers, mentors, and
instructors (Figure 1.2). There are 11 beekeeping association groups partnering with
GPMB: Omaha Bee Club (OBC), Nebraska Beekeepers Association (NBA), Northeast
Kansas Beekeepers Association (NEKBA), Center for Rural Affairs (CFRA), Heroes to
Hives, Colorado Professional Beekeepers Association, Iowa State University, Kansas
Honey Producers Association (KHPA), Missouri State Beekeepers Association (MSBA),
Rolla Bee Club, and the Wyoming Bee College. And the GPMB program currently has
1525 enrolled online members from 49 states and 4 different countries. Membership
demographics include 742 male and 595 female members, with 41 Native American, 36
African American, 64 Hispanic, Spanish, or Latino, 8 Hawaiian or Pacific Islander, and
1207 Caucasian members. In addition to the online training opportunities, GPMB partners
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also conduct in-person training through courses, field days and Open Apiaries which are
all experiential learning opportunities where participants can work bees with other
beekeepers.

1.5 Goals of the GPMB program
The regional Great Plains Master Beekeeping (GPMB) program focuses on
connecting scientists, researchers, educators, and beekeepers of all levels and types to
leverage their expertise, experience, passion, and knowledge together as a community
seeking to continually improve bee management skills that better address the many bee
stressors beekeepers must deal with. The GPMB program creates standardized Learning
Objectives that focuses on colony management skills and establishing basic knowledge on
bee biology, pests, pathogens and other stressors to improve colony health, honey
production, and profitability of their operation. The GPMB program collaborates with
partner associations and extension institutions to make more accessible new and advanced
course materials, tools, and field training opportunities. This strengthens and enhances
education, outreach, and mentoring which will improve colony survival and drive
economic success for beekeepers throughout the Midwest. More importantly, through
these programs, beginning beekeepers find a community support group that sustains and
encourages beginning beekeepers to stay in the business despite colony failures and
economic setbacks. By building a more cohesive regional educational standard, the GPMB
program can set the stage for more advanced curriculum to take root in the Midwest region.
By increasing the base knowledge of all beekeepers in the region, GPMB can be the leader
in development of beekeeping standards across the Midwest.
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1.6 Governing Committee & subcommittee structure, roles, and function
The GPMB program is led by a Governing Committee (GC), which is comprised of
honey bee researchers, beekeeping instructors, and master level representatives from
partnering beekeeping associations from all target states. Governing Committee members
generally have a minimum of 10 years of experience in beekeeping, commercial
operations, and or education, however there are members of the GC with less experience
that serve as representatives for apprentice and journeyman level beekeepers. The
Governing Committee is tasked to review goals, program curriculum, exam requirements,
and prioritize training program needs annually. The GC currently consists of 25 members
from 13 different organizations across 6 states and meets monthly online to discuss and
address advanced topics, program needs, and emerging issues. The Governing Committee
also receives information from subcommittee working groups, provides feedback from
their respective state associations and helps analyze course evaluations to identify
knowledge gaps, critical needs, misinformation, and regional-specific needs. Because of
this governing committee format, each member state has a voice in the main programming
needs and topics, and can share resources with other states so that associations and states
are not acting in a vacuum. As the GPMB program coordinator, I worked with our current
governing committee members to develop a draft charter for governance which outlines
the expectations for current and future GPMB members (Appendix A).
Participating states can leverage their non-voting members' skills by having nonGoverning Committee member Master Beekeepers serve on sub-committees. Sub
committees are made up from volunteers invited by partnering associations and GC to work
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on specific tasks that help the program run more smoothly. The following subcommittees
were identified and created by the GC to develop guidance for reviewing and approving
Master Beekeeping projects; establish Open Apiaries and field training events,
development and editing of online curriculum and testing requirements, and development
of new educational resources and content (Table 1).
Name

Purpose

Online Testing
Subcommittee

Create online testing material that is nested with learning objectives and
properly aligns with learning objective topics that each level of beekeeper
must know before advancing. Materials reviewed and developed by
subcommittees will be presented to GC for final approval prior to
integration of materials into the advancement process.

Master Project
Subcommittee

Open Apiary
Subcommittee

Content Creation
Subcommittee

Members

Teresa Campbell
(MSBA), Judy WuSmart (UNL),
Charlotte Wiggins
(MSBA), Jamie
Wilson (MSBA)
Guiding Master-Candidate beekeepers through the final step of their
Kirsten Bailey
Master Project. This sub-committee works with the Master Candidate
(CFRA), Becky
Beekeeper in guiding their project to be unique, relevant, and helpful to Tipton (KHPA), Brad
the beekeeping community, tied to a timeline, and feasible to complete.
Sumter (OBC), Teresa
Campbell (MSBA),
Cory Stevens
(MSBA)
Providing guidance for Open Apiary field training teachers, and answering Judy Wu-Smart
questions regarding field training at Open Apiary sessions. Collect any
(UNL), Becky Tipton,
feedback from Open Apiary participants and bring to the GC.
Megan Vetter (NBA),
Daisy Warnick
(UNL), Ken Heitcamp
(MSBA), Dwayne
Jansen (MSBA).
Addressing Learning Objective education gaps and soliciting or creating
material to address those gaps. Certifying Courses and Materials to be
used in GPMB programing both online and in person

Charlotte Wiggins
(MSBA), Mike
Wrobel (OBC),
Teresa Campbell
(MSBA), Brad
Sumter (OBC), Joli
Winer (NEKBA),
Judy Wu-Smart
(UNL), Kirstin Bailey
(CFRA),

Table 1. Table illustrates the organization and purpose of each sub-committee form by the Great
Plains Master Beekeeping program governing committee (GC) to create and review content,
identify programing gaps and needs, and work directly with Master beekeepers candidates to
approve and finalize until their final independent projects. Sub-committee members are selected

and invited by partnering association groups to represent their group’s interests and needs.
Challenges preventing adoption or recruiting volunteers are identified through subcommittee discussions and are addressed with additional guidance, videos, or materials.
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For example, a major challenge to getting teaching or “open apiaries” established was
that there were many questions and concerns about how to begin. Therefore, I assisted the
sub-committee with the development of guidelines for establishing Open Apiaries which
outlines safety considerations, details recommendations for apiary maintence, and
provides seasonal activities for training (Appendix B).

1.7 Membership requirements and levels
Membership to GPMB is publicly available, and free of charge. There are no
prerequisites or requirements of owning bees to join the program. Interested beginners are
encouraged to take courses, such as GPMB Exploratory Beekeeping (Level 0), to acquire
base knowledge on the equipment needs and costs as well as realistic time and labor
commitments in beekeeping before investing in equipment, gear, and bees. The
Exploratory Beekeeping courses also provide general information about the role managed
and wild bees play in agroecosystems and ways to help all bees through enhancements in
habitat and forage (i.e. pollinator-friendly landscapes). People dissuaded by the time,
money, and labor commitments to begin beekeeping are often motivated to plant more
pollinator-friendly plants and or seek mentors to gain more experience before deciding to
invest. The GPMB program helps to provide those critical mentorship opportunities and
connections for beginners.
The target audience for the GPMB program is broad and includes a diverse array
of beekeepers ranging in experience, operation size, services, and products. Beekeepers
who seek more training, expertise, and knowledge can improve overall bee health,
productivity, and profitability in their colonies. Therefore, the three levels to advance
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through the program (Apprentice, Journeyman, and Master Beekeeper) were designed with
set learning objectives that focus on different stages of professional development, and also
highly emphasize hands-on field and experiential training. The tiered structure is modeled
after Master Gardener and Master Naturalist programs that deal with broad audiences and
have successfully incorporated educational goals with field application of knowledge and
volunteer service. The GPMB program learning objectives are categorized in five
educational focus areas: Biology/Ecology, Land Stewardship/Conservation Practices,
Professional Development, Business/Marketing/Economics, and Bee Management Skills.
The unique aspect of this program is that educational focuses shift at each level, front
loading requirements for bee biology and management topics at the apprentice level and
shifting to more professional development, business, marketing, and stewardship training
as beekeepers advance levels. This specifically addresses more complex needs of advanced
beekeeping operations that diversify products and services offered and thus require more
specialized training. Field training and community engagement is also more heavily
emphasized, particularly at Journeyman and Master levels to ensure that beekeepers who
move through the GPMB program have had hands-on practical experience managing
healthy hives and can communicate and teach techniques for proper beekeeping. The
following are the three GPMB levels and the requirements identified by the Governing
Committee for level advancement:
Level 1: Apprentice Beekeeper (0-2 yrs experience): This level focuses heavily on basic
training for colony management which includes health assessments, honey production, and
overwintering strategies to improve survival rates. Bee biology, behavior, and ecology are
also covered in this section as these are important aspects of learning how to assess the
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health of a hive for management purposes. Requirement for level advancement: Beekeepers
must complete all 20 online educational topics listed, pass an online multiple-choice exam,
and attend an in-person level 1 course. In addition to the educational requirements,
participants must also have at least 20 hours of field training with live colonies, and 20
hours of volunteering in bee education or other related events, and pass a field exam test
(Appendix C).
Level 2: Journeyman Beekeeper (2-5 yrs experience): This level focuses on training that
refine management skills and promote economic growth. Many of the management skills
presented at this level can be used to help develop or expand the business beyond honey
production. The opportunities presented here will support small scale and hobbyists
beekeepers interested in developing their business at the commercial scale. Professional
development training at this level will also support beekeepers to become more effective
communicators and mentors. Requirement for level advancement: Journeymen must
complete educational topics for all Biology/ecology (B), Land stewardship/conservation
practice (L), Professional Development (P) topics and at least three courses on Business,
Marketing, Economics (E) and eight Bee Management Skill (M) topics listed at this level.
They also must have at least 40 cumulative hours of field training with live colonies, at
least 20 hours of volunteer or mentoring service per year (total 60 hrs) and pass a practical
field exam, $80 fee for processing and certificate. This ensures that Journeyman beekeepers
are continually enhancing their skills in bees but are also being given the tools to step
outside of the beekeeping realm and into the business or educational side of the
profession.
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Level 3: Master Candidate Beekeeper (5+ yrs experience): This level focuses on
professional development for beekeepers as educators, communicators, and advocates for
the beekeeping industry. Professional development training at this level will also help
beekeepers interpret scientific data, identify misinformation, and design simple
experiments to evaluate new techniques for improving management or pest monitoring.
Topics in the master level also cover more advanced management skills (queen rearing,
making up colonies for sale, etc.) for economic growth and educational training purposes.
Requirement for level completion: Master Candidate Beekeepers must complete at least 15
additional educational topics covering at least one of each focus (B,M,L,E,P), have at least
80 cumulative hours of field training with live colonies, at least 20 hours of volunteer or
mentoring service per year or 40 hours every two years, and pass a practical field exam.
There is a $100 fee for processing and certificate of completion of the full course load. In
order to complete the entirety of the GPMB program, a Master Project must be submitted
to the Governing Committee (GC) by the level 3 certified beekeeper. Once approved, the
project will be completed within the guidelines agreed upon by the GC and beekeeper.
Certified Master Beekeeper (Minimum 5+yrs experience) (2 year renewal process)
After submitting the final project as a Master, beekeepers will be recognized as a Certified
Master Beekeeper. The certification and recognition comes with the following benefits:
- Full access to GPMB teaching resources which includes vetted information from
all member states’ most knowledgeable beekeepers, including video instructional
resources that pair with the online PowerPoints. Teaching resources are created using the
projects of the Master Beekeepers as well as the knowledge and materials from university
partners.
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- A gift & Master Beekeeper Certificate
- Ability to certify their own teaching materials and/or use GPMB resources to teach
courses
- Option to participate or serve as a voting member on the Governing Committee
- Their project featured in GPMB newsletter
These master beekeepers give GPMB the ability to leverage institutional knowledge of
each partnered organization, and it gives the Master beekeeper access to resources from
other beekeepers of their caliber, creating a self-perpetuating educational model as they
pass their knowledge on to those below them.

1.8 Benefits and Challenges
Incorporating beekeeper engagement and feedback, particularly regarding local
considerations and practices, and increasing emphasis on structured learning are main
factors driving the success of beekeeping programs in the central United States.
Misinformation or inaccurate information shared online or through beekeeping networks
can exacerbate pest and disease issues for a region. The common trope amongst
beekeepers, “there are 5 answers for every 1 question about beekeeping” reflects this
problem; inconsistent responses and bee management guidance not suitable for a region
leads to confusion and mismanagement among inexperienced beekeepers. Therefore,
another benefit of structured training programs, such as GPMB, is that through the
certification process, content and information may be standardized, vetted, and reviewed
for consistency. Standardization of educational content with decisions made in
collaboration with local beekeeping groups through the governing and subcommittees
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builds a stronger reputation and can emphasize more evidence-based or scientifically vetted
information, seasonal considerations, and time-tested practices which begin to chip away
at misinformation offered elsewhere. Since its launch in 2019, the GPMB program has
offered over 27 certified in-person courses that have reached hundreds of attendees. Out of
those members that complete online training, there has been a 27% gain in knowledge from
data collected in pre and post-test question sets (n=796).

1.8.1 Online learning platform
Currently, the GPMB program has developed an entire 20-part online training
program that mirrors in-person courses offered through partnering associations and
institutions. The online learning platform is where GPMB members track learning credits,
complete online learning series, and submitted field training and volunteer hour
requirements. The online platform gives each student a dashboard of their progress, as well
as a method for Master Beekeepers and researchers to disseminate information. Online
videos provide a greater reach, and the ability for students to self-pace and refresh on core
beekeeping skills covered in each Learning Objective. This allows instructors in the GPMB
beekeeping community to focus on hands-on training with students instead of re-teaching
basic principles. Challenges with an online learning platform have been integrating userfriendliness onto existing platforms so that new members and verifying beekeepers can
seamlessly track progress (Figure 1.1).
Other benefits to the online system have been the ability to be the base platform for
other beekeeping education partners. The Center for Rural Affairs, Heroes to Hives, and
IPM4Bees are independent beekeeping working groups and educational programs that
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have expressed interest in partnering with GPMB so that those programs do not have to
develop, reinvent, and cover expenses associated with a new online teaching platform.
Leveraging resources, expertise, and materials with other programs can allow for easier
dissemination for new information and strengthen communication broadly across the
Midwest region. This approach also benefits program participants, as there is a central
“headquarters” providing reputable and reliable information, and quality training with
diverse instructors, mentors, and expertise. Partners also benefit because they can reach
larger audiences of beekeepers through the PGMB training platform and can target specific
training goals of the program to more niche audiences.

1.8.2 Open apiaries
The GPMB program received additional funding through USDA BFRD program
(#139598) to establish teaching apiaries and develop training kits for instructors. Through
this effort, GPMB has been coordinating with partnering associations to provide more field
training opportunities through “Open Apiaries”, which are informal regular (monthly) field
training sessions with brief demonstrations and ample time to get hands-on guided
mentorship and training experiences with live colonies. Currently, nine Open Apiary
locations have been established in five states (NE, KS, MI, WY and MI), from Wyoming
to the Upper Peninsula of Michigan. At each session, members conduct comprehensive
inspections of colonies and make seasonal management decisions under the supervision of
Master and Journeyman level certified beekeepers (Figure 1.2).
Challenges associated with the Open Apiary field training has concentrated on
establishing enough locations to satisfy the amount of beekeeper demand and ensuring
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there’s enough mentors and instructors attending each session. Other major challenge to
getting new locations established is ensuring partners are comfortable with liability and
insurance coverage for public use of their property and hives. Standardized training
guidance for Open Apiaries has been created and fielded across the six partner states, and
the simplicity of this process shows promise in field training scalability (Appendix B). All
of this training utilizing similar resources can keep standard training of high quality without
sacrificing the nuance of the seasonal differences in each field training location.
The GPMB program and partnering associations have a shared language of training
goals and learning objectives which allows for clarity and transparency on course offerings
and materials covered by GPMB certified instructors. The learning objective system also
allows for a custom learning experience for a beekeeper, because there are a variety or
“menu” of learning options and topics to pick from that create a self-paced and flexible
learning experience. The full spectrum training program from Exploratory Beekeeping
courses to the Apprentice, Journeyman, and Master level classes and open apiary training
opportunities offers education for all ages. More importantly, the GPMB communitylearning approach is developed, led, and sustained by local beekeepers to improve
professional training for new and experienced beekeepers of all operation types and has the
potential to revolutionize beekeeping training for specific regions of the US.
This program and all of the resources created from it have been a direct response
to beekeeper feedback. guides on how to run field training events, how insurance
coverage works for field training events. I also created field testing requirements that
cover all pertinent things to look for inside of a beehive for both the Apprentice to
Journeyman and Journeyman to Master Candidate Field tests (Appendix C). The guides,
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bylaws and all of these resources were not originally spelled out in the initial proposal for
this program, but based off of beekeeper feedback, these guides were created to better
assist and give beekeepers tools to share their skills with others without having to
reinvent the wheel.

1.9 Figures
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Figure 1.1
The Regional Great Plains Master Beekeeping program (GPMB) website
(https://gpmb.unl.edu/) and a visual of the tier system for advancing through Apprentice,
Journeyman, and Master levels in the training program to become a certified Master
Beekeeper.
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Figure 1.2
Photo illustrates Great Plains Master Beekeeping program (GPMB) beekeepers attending
an “Open Apiary” field training session. Open Apiary events are informal unstructured
gatherings for GPMB members to connect with other beekeepers. At each session
members conduct comprehensive inspections of colonies and make seasonal management
decisions under supervision of Master and Journeyman level certified beekeepers.
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1.11 Appendices
Appendix A: GPMB Partner Charter
First draft: GPMB Partner Charter as of February 15, 2022
I.

Background: *Great Plains Master Beekeeping Program (GPMB) was
established with grant funding to provide a structure for partner organizations
to develop and distribute scientifically-based, best management practice
beekeeping education. (*this mission statement is still under discussion but
captures what Judy said GPMB’s goals were when it started)

From GPMB Website: “Partner associations provide a base for members of the
program to meet and share their knowledge with a community of beekeepers near
them. Partner Associations also provide courses and outreach opportunities for
members of the regional GPMB program. You don’t have to be in a partnered
association to be in GPMB, and if you are in a partner association you don’t have to
be in GPMB, but it does help align you with mentors and other beekeepers close to
you.”
II.

Partner benefits:

1. Easy Membership Recruiting. Incoming GPMB students are encouraged to join
local clubs and associations.
2. New Members: Access to GPMB students to offer association memberships,
related events and activities information.
3. Match to Local Clubs: Associations can help match incoming students to local
clubs.
4. Best Management Practices: GPMB provides partners with scientifically-based,
best management practice (BMP) review to focus educational efforts on
sustainable beekeeping.
a. Submitted content review and feedback
b. Helps to establish consistent foundational education,
c. counter bad management practices and
d. reduce the cost of learning how to sustainably keep bees.
e. Master beekeeper projects will provide new programs to support
sustainable beekeeping.
5. Mentors: GPMB is identifying existing beekeepers who already have BMPs to
help train others to be mentors and educators.
a. Identify pool of available BMP mentors.
b. Bringing existing trained beekeepers to work together.
c. Encourage more mentors to be engaged.
d. Train more mentors!
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6. Developing New Mentors: GPMB students will get consistent training and
education to pass on to others.
7. Building a Volunteer Work Force. Through GPMB’s volunteer and field hour
requirements, volunteers will be looking for projects. These volunteers will
increase the possible work force to get projects done.
8. Consistent BMP Training: GPMB will be developing curriculum from
apprentice to master’s level to give GPMB members curriculum to use in training.
9. Working with Neighbors: GPMB member neighboring states have opportunities
to share information and work together such as sharing conference scheduling,
online access and so forth.
10. Quality Queen Bank: One of GPMB’s long term goals is to train partnering
associations to breed queens to support a GPMB queen bank to raise “local
queens” and improve the GPMB-area queen bee stock.
11. Funds for Open Apiaires: GPMB has pursued a grant to give partners $15,000
over three years (2022-2024) to help defray the costs of getting open teaching
apiaries available for hands-on training. No strings attached except to schedule
open training apiary times and report them to GPMB to make the information
available.
III.

IV.

Partner contributions:
1. To share GPMB activities and events through their networks, websites,
newsletters, social media and conferences.
2. Be involved in GPMB Governing Committee as a state representative
and/or subcommittees.
3. To agree to follow up on awarded grant provisions.
4. To reflect issues, concerns, suggestions back to GPMB in a timely
manner.
5. To work together to support beekeepers.
Current associated GPMB partners:
A. The initial states were Nebraska, Kansas and Iowa.
B. Current involved states are Nebraska, Kansas, Iowa, Missouri, Michigan,
Wyoming.
C. Other listed associations on website:
Center for Rural Affairs (NE)
Colorado Professional Beekeepers Association
Heroes to Hives (Michigan)
Iowa State University
Kansas Honey Producers Association
Omaha Bee Club (NE)
Missouri State Beekeepers Association
Nebraska Beekeepers Association
Rolla Bee Club (Mo)
Wyoming Bee College
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Appendix B: Establishing Open Apiary Guidelines

Great Plains Master Beekeeping Program
Open Apiary Guide
2022

Necessary Materials and Things to Consider
Facilitators
Provisional Master Beekeepers or Master Candidate (Level 3) and above can lead Open
Apiaries. (Exceptions for Journeyman Beekeepers (Level 2) may be granted in special
circumstances). It is recommended that you have at least one Journeyman Beekeeper
in attendance to act as an assistant.
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Parking
Ensure that you have adequate parking near the apiary. The parking area should
accommodate at least 5-10 average sized vehicles and be free of large potholes and
other major safety hazards.
Restrooms (Optional)
Please ensure that you have at least one bathroom facility within walking distance to
the apiary.
Water (Optional)
Ensure that you have a potable water source at or near the apiary which will
accommodate all participants. This could include water brought in a cooler, bottled
water, or a well which has been tested for safety.
Alternatively, you could suggest that all participants bring their own water.
Hives
It is suggested that you have a minimum of 3-5 living beehives available for your Open
Apiary purposes. If you would like to qualify for USDA APHIS Testing, you must have a
minimum of 10 beehives. Ensure your hives are of calm and non-aggressive stock.
Supplies needed:
*Depending on the amount of participants attending your Open Apiary Session, you may
need more or less of the items listed below.
● A Copy of This Document
● 1 Master Candidate Beekeeper or above (Alternately Provisional Master
Beekeeper) in Attendance.
● (Optional) 1 Journeyman Beekeeper Minimum
● 3-5 Bee Hives Minimum
● 5-10 Bee Suits
● 5-10 Hive Tools
● 3 Smokers Minimum + Smoker Fuel
● First-Aid Kit
Other Items Specific to Your Climate, Season, or Tasks:___________________________
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Procedure Outline:
1. Master Beekeeper and Journeyman Beekeeper Arrive 15 minutes before Open Apiary
is scheduled to begin.
2. Apiary is checked for hazards.
3. Hives for training are identified.
4. Activity for the Open Apiary session is reviewed by both instructors.
5. GPMB students arrive, instructors ensure that they are GPMB students by having
them show their account.
6. Prep Smokers/ Suit Up
7. Safety Brief is Read/ Activity Review
8. Master Beekeeper takes experienced beekeepers through the scheduled activity
(Level 2 Review and Up, More Complex Tasks)
9. Journeyman Beekeeper reviews basic hive structure, identification of bees etc. (Level
1 Review)
10. All beekeepers complete training, review any questions, and clean up. Ensure all
personnel have exited the apiary and all equipment is accounted for.

Safety Brief (To Be Read EVERY Time Before Beekeepers Begin Open
Apiary Session)
*Suits are to be put on before this brief is read.
*Smokers should also be lit and ready for use.
“We’re going to review some simple safety procedures before getting started in the
apiary today.
Restrooms are located (Indicate where restrooms are). Water sources are located
(Indicate where water is). Please be vigilant of any vehicles and/or hazards in the apiary
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(indicate any normal outdoor hazards you have identified). If you should begin to
experience the symptoms of heat exhaustion, please notify me immediately.
If you should get stung by a bee during our meeting today, please notify me
immediately.
If you have any safety concerns, you may stop training at any time.
Suits should be kept on the entire time you are in the apiary. You should also be wearing
closed toed shoes. Remove all jewelry from your hands. If you have recently eaten
bananas or are wearing perfume please inform me. Please have a buddy inspect your
bee suit for gaps or openings before entering the apiary.
Before proceeding into the apiary, I will need verbal consent that you are entering into
this apiary understanding you may be stung and or encounter other outdoor hazards. Do
you consent to this? (All attendees Must Verbally Say “YES”)
At this time are there any questions or concerns?
Thank you.”
If you have further questions, please refer to this guide: Open Apiary Expanded Guide
Or send an email to dwarnick2@unl.edu

Calendar of Suggested Open Apiary Activities by Month
* This list is not a curriculum and was designed only to supply you with examples of
possible activities and discussions suitable for an Open Apiary. Not an exhaustive list.
➔ April
Activity: Installations / Inspections / Varroa Check / Feeding / Discuss Splits
& Reversing Colony Boxes
For Discussion: Swarm Monitoring / How to Start a Smoker / How to Requeen / Nuc Care Tips
➔ May
Activity: Inspections / Identify Queen / Marking Queen / Identify Brood /
Identifying (If Any) Supercedure Cells / Varroa Check / Add 2nd Brood Box
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Discussion: Catching Swarms / Managing Flow / Feeding Nucs
➔ June
Activity: Health Inspections / Identify Queen / Identify Drones / Add Honey
Supers (If Needed)
Discussion: Small Hive Beetle & Wax Moth Management
➔ July
Activity: Health Inspections / Identify Queen / Add Honey Supers (If
Needed)
Discussion: Robbing / Signs of Robbing
➔ August
Activity: Health Inspections / Identify Queen / Varroa Check
Discussion: Impacts of Dearth and Lack of Forage / Fall Feeding
➔ September
Activity: Health Inspections / Varroa Check / Remove Honey Supers /
Reduce Entrance
Discussion: Fall Flow / Planning for Pollinators / Reducing Hive Bodies
➔ October
Activity: Health Inspections / Feeding / Winterization
Discussion: How to Store Frames and Equipment
➔ November-March: Apiary Closed.
Possible Special Workshops: Extraction/Bottling/Woodworking, or other
training may be held.
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Appendix C: Apprentice to Journeyman Field Test
The example guideline below was developed for exam proctors to conduct field testing
Apprentice level members to advance into Journeyman level in the Great Plains Masters
Beekeeping (GPMB) Training Program.
______________________________________________________________________
Date:
Name of testee:

Name of exam proctor:

Apprentice to Journeyman Field Test
Preparing the testing site
The proctor must prepare the apiary with at minimum 1 hive and the equipment listed
below. If a smaller weaker or sicker hive can be provided for disease diagnostics, that
would be optimal. Once the apiary is set up, the proctor will read the Introductory
instructions and administer the exam. If a participant has questions or has problems,
the proctor can stop the timer and assist BUT don’t give away answers (to the best of
your ability). Ensure that when the participant points something out that you verify
what they are pointing to before checking it off.
Equipment Needed for this test
- 1 or more colonies (Langstroth style) with live bees and no less than 18 drawn
frames in 2 boxes for each colony.
- Smoker, fuel & lighter
- Hive tool
- Bee veil or suit (2)
- Pen or pencil
- Field Test Checklist
- Powdered sugar
- Tupperware with white bottom (or something similar)
- Water bottle
- Varroa Shaker Jar
- Varroa Shaker Threshold table paper
- Stopwatch
Field Test to enter Journeyman level
Proctor reads this portion out loud before beginning: Welcome to the field test portion
for the Apprentice to Journeyman level in the Great Plains Master Beekeeping program.
Today you will be tested on your performance of a series of tasks you will be expected to
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pass before receiving your Journeyman level certification and entering the level 2
Journeyman class.
You will have 50 minutes from the beginning of the test to properly complete 12 tasks.
You must pass 10 of the 12 tasks with a pass in order to receive credit. Of these 12 tasks
two are critical* , you cannot fail any of the critical tasks*. If you fail to pass a critical
task, or miss more than 3 items on the checklist your proctor will correct your mistake
and you will begin the field test process again. If there are others who need to test, you
will have to set another time with your proctor to re-test.
You cannot receive help from any other beekeepers during this test or you will be asked
to restart from the beginning. If the hive you are working at does not have the resources,
size, or individuals to complete a task, you may move on to another hive. At this time, do
you have any questions?
If participant has no questions: Your 50 minutes will now begin.
Proctor starts a 50 minute timer
Pass/Fail Criteria
If participants complete 10/12 items on the checklist, he/she will have passed, unless that
task is deemed critical* and therefore must be passed in order to advance. proctors may
not help the participant in any way but may take notes on minor corrections and inform
the participant of those corrections AFTER testing is complete.
JOURNEYMAN FIELD TEST CHECKLIST (*critical tasks)
Actual checklist and requirements were removed so questions are not publicly available
Proctor Name: _______________________ .
Participant Name:
.
Participant Address:_____________________
Participant Completion Time:
.
Apprentice is to be given this completed form and instructed to mail it to the address
shown below for final review and GPMB Journeyman Certificate issuance. Include the
examination fee of $80.00 by check or money order.
Mail to: University of Nebraska-Lincoln
Great Plains Master Beekeeping Program
103 Entomology Hall
Lincoln, NE 68588-0816
Proctor Comments:
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Chapter 2: Evaluating new tools for selecting for hygienic traits in
honey bees (Apis mellifera L.) to produce healthy local stock for
beekeepers
2.1 Abstract
Hygienic behavior testing in honey bees (Apis mellifera L.) is a method to assess
pest and disease tolerance, particularly to Varroa destructor mites and diseases that affect
developing offspring (brood), within honey bee colonies. Liquid nitrogen is used in
hygienic performance assays to effectively freeze-kill developing bee pupae sealed inside
comb cells without damaging combs. Freeze-killed brood is then detected and removed by
worker bees and the rate of brood removal is reflective of the colonies’ hygienic
performance and resilience to in hive pests and diseases. However, the ability to conduct
hygienic testing is limited to scientists and larger commercial beekeeping operations
because liquid nitrogen is very difficult to access, store, and transport. Currently, there are
few options for hygienic behavior testing of colonies for small scale beekeepers and noncommercial apiaries due to the challenges associated with access, storage and handling of
liquid nitrogen. The results of this project found compressed air was 16% less effective in
freeze-killing brood compared to liquid nitrogen. However, the compressed air method can
be utilized by beekeepers as a rough guide for inter-apiary comparisons which will help
inform and promote culling hives of less hygienic traits to increase the overall hygienic
performance across their apiaries over time.
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2.2 Introduction
In 1922, the U.S. Honeybee Act (7 U.S.C. § 281–286 1976) was passed restricting
the importation of further honey bee stock into the country, which encouraged the practice
of bee breeding and selection of traits, such as gentleness and high honey yields. At that
time, the restrictions were issued in response to new concerns over the importation of bee
pests and diseases, such as the ectoparasitic tracheal mite (Acarapis woodi), from other
countries. However, the act has recently been used to combat the importation of a number
of ectoparasitic mites, such as Varroa destructor and the newly identified mites
Tropilaelaps clareae and Tropilaelaps mercedesae, as well as further transportation of the
Africanized subspecies of honey bees (Apis mellifera scutellata) into the US.
Despite protective policies to prevent emerging pests and diseases, managed honey
bees in the US and globally face a number of biotic and abiotic factors that have contributed
to high colony losses over the past decade. The ectoparasitic mite, Varroa destructor, feeds
on their host, honey bees, depleting critical fat body stores during larval and pupal
development, which has adverse consequences when bees reach adulthood (Ramsey et al
2019). Varroa mites perforate the exoskeletal membrane of the honey bee host during
feeding and as a result, increases the risk of transmitting a suite of bee viruses, such as
acute paralysis virus, sac brood virus, and deformed wing virus. There are roughly 30+
different bee-associated viruses identified, but few are well described and or understood in
terms of what causes outbreak infections and overt symptoms. However, Varroa mite
infection and high virus loads are generally thought to work synergistically to increase
honey bee mortality and lower overwintering success in hives (Nazzi et al 2012). In
addition to ectoparasites and the viruses they vector, honey bees are also challenged with
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a suite of bacterial diseases, such as American Foulbrood (Paenibacillus larvae), European
foulbrood (Melissococcus plutonius), and fungal diseases, like chalkbrood (Ascosphaera
apis), that are commonly considered stress diseases appearing only to impact brood in weak
or struggling colonies but have also been linked to overwintering colony losses (Ratnieks
and Carreck 2010). Viral, fungal, and microbial pathogens that affect offspring are also
referred to here as brood diseases. These diseases affect brood at different stages of their
life, but they lead to brood being weakened, having malformed wings, and can even kill
brood outright. High Varroa mite loads in colonies have also been directly linked to colony
mortality due to the adverse effects on brood development and the mites’ ability to vector
a suite of viral diseases (Barroso- Arévalo et al., 2019). Bees also face a number of abiotic
stressors that are increasing on the landscapes they inhabit. These include weather
fluctuations, pesticides and acaricides, and lack of florally diverse landscapes in which to
forage (Neov et al 2019; Belsy and Joshi 2019). These stressors can act synergistically to
create a complex suit of challenges to beekeepers and their bees (Tosi et al 2017).
Beekeepers can identify colonies with higher sensitivity to these chemical cues by
freeze-killing a small section of capped brood, without perforating the capping, and
challenging bees to detect and remove dead brood as quickly as possible. This trait of
detection and removal can be selected for by the beekeeper to promote more robust and
adapted stock by identifying colonies that remove at least 70-85% of dead brood from a
target area within 24 hours (Snyder, Rob 2018).
As the number of challenges listed above increases and bee health declines,
researchers and beekeepers have focused efforts on developing behavioral assays to select
for “hygienic” grooming-type behaviors that can remove diseased or mite infested brood
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and therefore rid the colony of the problems associated with these mites or diseases.
Hygienic behavior is the ability of adult worker bees to detect and remove diseased or mite
infested pupae (brood) beneath the wax capping, thus mitigating infestation problems. The
worker bees removing dead brood are responding to chemical cues (β-ocimene and oleic
acid) released by stressed offspring, which can be sensed through the wax capping over the
comb cells (McAfee 2018) (Figure 2.1). This social adaptation allows the colony to
remove infected brood before mites mature and pathogens become transmissible inside the
hive (Bigio et al 2013).

2.3 Traditional hygienic testing methods and limitations
Currently, beekeeping operations utilize liquid nitrogen for hygienic testing. Liquid
nitrogen is a dangerous cryogenic fluid that rapidly freezes living cells but also requires
specialized storage and transport equipment making it difficult to buy, transport, use, and
store. This is because nitrogen is normally a gas in the atmosphere, and in order to transition
to its liquid form it must be cooled to –346 degrees F (–210 degrees C). It is reduced to its
liquid form by the process of cryogenic distillation using vacuum pressure swing
absorption to liquify air (Gardner Thomas 1996). Liquid nitrogen boils when exposed to
contact with warmer air, and its boiling point is still –195 degrees C, making it a good
candidate for freeze-killing honey bee brood rapidly and without damage to comb surfaces.
The handling of liquid nitrogen requires a specialized storage container, a specialized
transportation/application container, and safety equipment such as thermal gloves and eye
protection, as well as specialized training to access usable amounts of the liquid. Storage
of liquid nitrogen is even more cumbersome, with large specialized and pressurized
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containers to store the gas in its liquid form. Use of liquid nitrogen during field testing also
requires larger amounts of the liquid to compensate for the fast evaporation during
transportation. For the above reasons, hygienic testing can only feasibly be conducted by
larger commercial operations and research facilities, limiting the ability to select for
hygienic behaviors and traits to only large commercial beekeepers and researchers. This
hinders smaller operations and hobbyists from selecting for colonies with more robust and
healthy genetics and reduces the ability to produce locally adapted stock, particularly in
areas saturated with small scale and backyard beekeepers and with fewer large commercial
operations, such as in eastern Nebraska and many other regions within the Midwest.
Therefore, new methods and tools are needed to help small scale and hobbyists beekeepers
make informed management decisions and better identify the strong resilient hives to
allocate resources too and the weak or unhygienic colonies that should be culled from the
apiary.

2.4 Research question
This research sought to evaluate a commercially available and safe alternative to
liquid nitrogen for beekeepers to conduct hygienic testing. An untested alternative used by
some beekeepers is compressed cold air released from air duster cans. This research
assessed effectiveness of freeze-killing brood using compressed air compared to liquid
nitrogen as well as determining optimal timing and duration of exposure necessary to
achieve proper freezing temperatures.
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2.5 Methods and materials
2.5.1 Experimental hives
A total of 15 research colonies were selected from 47 colonies located at the
University of Nebraska-Lincoln Bee Lab. The experimental colonies were all equal in
strength and were randomly selected to sample pupating brood of the appropriate age for
hygienic behavior testing. Honey bee colonies were a mix of Italian and Carniolan stock,
and colonies contained approximately 30,000 workers, a healthy egg-laying queen, and
ample brood of all stages (egg, larvae, pupae) with no signs of brood disease or infections
and Varroa mite levels that were below treatment thresholds. Honey bee colonies are
managed in wooden boxes with moveable wooden “frames” or structures that house the
beeswax combs. Nine frames are contained in each colony and comb cells are used to store
food and brood. Frames with large areas of sealed or capped comb cells containing
developing bee pupae were selected from experimental colonies to conduct paired hygienic
assays. Paired assays were conducted to directly assess effectiveness of compressed air
compared to liquid nitrogen treatments. Colonies and frames with the largest brood patterns
were selected so that freeze-killed brood would not negatively affect colony functions and
growth through the season.

2.5.2 Experimental frames and treatment application
Hygienic performance was assessed by conducting a freeze-killed brood test using
either liquid nitrogen (ln)(control group) or compressed air from duster cans (dc)(treatment
group). The duster cans are steel containers filled with compressed difluoroethane (DFE),
an odorless and colorless gas that, when liquified, is used as an aerosol propellant and
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refrigerant. It is used as an alternative to chlorofluorocarbons, as it is not tied to depletion
of the ozone layer of the earth's atmosphere (EPA 2010). This low impact on the
environment, ease of portability, relative safety when compared to liquid nitrogen, and
affordability to the average beekeeper, made air duster cans and difluoroethane a good
choice for a refrigerant that could replicate freeze killing bee brood. Both liquid nitrogen
(ln) and compressed air (dc) treatments were applied at the same time, to the same comb
surface which controlled for other hive variables, such as brood care and hive stores, that
may affect brood development. Temperatures were recorded with digital thermometer
probes (Digi-Sense 90205-26 Traceable Panel-Mount Remote Probe Thermometer) inside
brood cells during each treatment to assess the minimum temperatures reached by each
treatment. (Figure 2.2).
After removal from experimental colonies, the selected frames were brought to the
lab to conduct the hygienic assay and freeze-kill brood. An aluminum can (473ml or 16oz),
with both ends cut off, was pushed into capped brood isolating in area of approximately
100 to 125 comb cells (Figure 2.2A). A small volume of water (~10ml or .34oz) was poured
along the edges of the can to reduce leakage prior to applying treatments. A temperature
probe was then inserted into the comb cells from the side edge beneath the can rim to
measure the lowest temperature brood experienced with each treatment (Figure 2.2B). The
control treatment used ~100 ml of liquid nitrogen and the liquid nitrogen was allowed to
boil and evaporate out of the can. The test treatment was compressed air, applied by
inverting a duster can and spraying the “liquid air” refrigerant liquid into the can for
approximately 30 seconds, filling the can with equal amounts of liquid as the nitrogen
treatment (Figure 2.3). Cans use to apply treatments were removed from frames after
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thawing from treatments and then brood frames were returned to the hives that they were
removed from. Photographs were taken of each tested brood area at 0, 24, 48, and 72 hours
after treatment to quantify and compare the exact number of removed brood cells within
the two treatments at each time point (Figure 2 A&B).

2.5.3 Data collection and analysis
From June through August 2021, a total of 28 paired sections of pupating brood
were treated and compared for brood removal rates. Photographs were taken of each tested
brood area to quantify the number of brood cells removed at each time measurement (0,
24, 48, and 72 hours after treatment) and determine the rate of brood removal compared
across treatments. A generalized linear mixed model (PROC GLIMMIX procedure in SAS
9.4) was used to analyze the hygienic removal rate of freeze-killed brood between
compressed air and liquid nitrogen treatments over time. Random effects were included to
estimate the variance due to colony, frame (colony by rep), and interaction effects of
treatment*time. A binomial distribution with a logit link function to fit model and
Satterthwaite degrees of freedom adjustments were used to account for type I errors (false
positives). Tukey’s multiplicity adjustment was used to make pairwise comparisons at an
α= 0.05 significance level.

2.6 Results
2.6.1 Temperature readings
The temperatures recorded during compressed air treatments ranged from -25C to
-21C and averaged -22.25C. In comparison, the temperature range recorded for liquid
nitrogen was -40 to 42C and averaged -41.62C. However, liquid nitrogen can reach as
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low as ~ -195.8C, so the temperature readings are reflective of the temperature limits of
the probes which was -42C (Table 2).

Table 2. Average, minimum, and maximum lowest temperatures recorded during compressed air
refrigerant (difluoroethane) and liquid nitrogen treatments. Note that the boiling point of liquid
nitrogen is far below -42 degrees Celsius, but that was the temperature limit for the probe.

2.6.2 Hygienic performance
There were no interaction effects but significant main effects of treatment (F =
14.98; df = 1, 30.65; p = 0.0005) and time (F = 65.41; df = 2, 111.6; p < 0.0001) on the
proportion of removed cells. The percent of freeze-killed brood removed from the cells
treated with liquid nitrogen was 74%, 87%, and 94%, at 24, 48, and 72 hours after
treatment, respectively. In comparison, the compressed air had significantly lower
removal rates 58%, 71% and 83%, at the same time points (Figure 2.4). There is a
significant difference in hygienic rates between the liquid nitrogen and compressed air
treatments after 24 hours of application (t = 2.70; df = 41.61; p = 0.0081) which
influenced the differences observed at later time points as well. After 24 hours of
application, the estimated proportion of removed cells for the liquid nitrogen is 2.13
times as large as the estimated proportion of removed cells for the compressed air.

2.7 Discussion
The use of compressed air or DFE by inverting the duster or air can and spraying
the liquid has inherent safety risks. Proper PPE must be worn, and the risk of frostbite still
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exists, DFE is also flammable so proper measures must be taken regarding this. Off label
use of a product has safety concerns, but there are currently no good alternatives for liquid
nitrogen replacement. Other methods, such as the use of dry ice and regular ice, have been
previously tested but do not reach adequate freezing temperatures. Another method
commonly used by beekeepers includes the pinprick method which artificially kills brood
by pricking pupae with a needle; however, this method also damages brood cappings
making chemical cues easier to sense. Chemical stimulants have been explored and may
be costly or not on the market yet. While this is an off-label use of a product, we encourage
beekeepers to use at their own risk and exercise caution by testing outdoors or in a well
ventilated facility, keeping products away from flames and using all safety equipment to
prevent frostbite. Off-label product uses are common practices in beekeeping and this study
is the first to test the use of compressed air (DFE) for hygienic behavior assays.
Results from this study suggest that colonies respond to brood from cells treated
with compressed air at a significantly lower rate (~16% less) than compared to liquid
nitrogen. Additionally, results indicate that removal rates in both treatments took
approximately 72hrs to reach the 90% threshold. Many beekeepers selecting for hygienic
breeder stock seek at least 90% removal after 24 hrs. suggesting that colonies were
average on the hygienic performance scale. A possible reason for this discrepancy is that
liquid nitrogen freezes brood immediately but treated pupae may not be freeze-killed by
the compressed air immediately but rather cold-stressed and therefore may require more
time for brood to die and release the appropriate chemical cues. Although the removal
rate for sections treated with compressed air was not as high compared to sections treated
with liquid nitrogen, results suggest that compressed air may still provide a good
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alternative method to freeze-kill brood and select for the higher performing colonies to
breed.
Hygienic behaviors are critical social defense mechanisms for suppression of mite
infestation and disease transmission. Currently, only larger commercial operations and bee
breeders can test hygienic performance and capacity in colonies with liquid nitrogen. But
a field assay tool could introduce a method of crude selection for informing beekeepers at
any scale regarding management decisions, such as the splitting of strong healthy colonies
to control for overcrowding and swarming which increases inventory as well as culling
weak colonies that may transfer pests and diseases to other colonies in the apiary. Utilizing
a cheap and available method for freeze-killing brood will allow hygienic testing among
small-scale and backyard beekeepers which will promote a better way to select for hygienic
pest/disease resistance and locally adapted traits. The ability to field test for hygienic
behavior with the portability of this method will also allow for apiaries that are not able to
be moved or are a long distance from a lab with liquid nitrogen, to be tested for this
behavior in locations and situations that may not facilitate older methods.

2.7.1 Limitations and considerations
Limitations of this method are that it is not as rapid or effective at freeze killing
brood as liquid nitrogen is. This can be integrated into the way that this tool is used, as
knowing that it is 2 times less effective, yet still can give a visual cue to beekeepers whether
their hives are exhibiting any hygienic behavior at all. The test must also be done properly;
with leakage issues being the main cause of a “false reading” where brood are not fully
killed by freezing. If the can that contains liquid is not properly seated into the wax of the
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frame, the liquid will leak down the frame, whether nitrogen or liquid from the can. This
will not only reduce the amount of freezing liquid in contact with the brood inside the can
being measured, but it will also freeze brood elsewhere on the frame. This can be an issue
because if a large section of brood is killed below the measurement area when a leak
happens, the bees will have to remove the dead brood below the can area in addition to the
measured area in the can, skewing results.

2.8 Future directions
The experimental colonies utilized in this study were of mixed genetics and traits
and not particularly hygienic based on the average removal rates (74%) in the control group
24hrs after liquid nitrogen treatment. Conducting further testing on colonies with high
“hygienic” performance and traits (such as those from breeder queen programs) as well as
colonies with poor “hygienic” traits would help to evaluate the tool further. Other future
directions could include conducting new trials on different containers that would section
off brood in different ways to minimize leakage from cell edges. Aluminum soup cans are
good and affordable stand ins, but a purpose-built testing container may reduce the chance
of the liquid leaking and eliminate the need for using 10ml of water to seal. Another future
direction would be to conduct large scale field tests with participating beekeepers to
evaluate the user-friendliness and performance of compressed air hygienic testing
techniques.
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2.9 Figures

Figure 2.1
Photos illustrate hygienic brood removal at 24 hours after liquid nitrogen treatment. The
number and rate of brood removed indicate whether colonies exhibit high hygienic
performance and traits (A) and should be utilized in breeding effort or lower hygienic
removal (B) which indicates colonies should be culled and removed from apiaries.
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Figure 2.2
Photos show the hygienic behavior assay process. Metal cans (473ml) are inserted into
comb to isolate an area of sealed cells containing developing honey bee pupae (A).
Liquid nitrogen or compressed air treatments are used to freeze-kill isolated pupae
without disrupting sealed cell cappings and temperature probes were used to monitor
temperature drops in cells during treatment application (B). Frames were returned to the
hives and the rate of brood removal was examined at 24, 48 and 72 hours after treatment.
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Figure 2.3
Photo shoes the liquid difluoroethane released from compressed air duster cans when
inverted and sprayed into a 16oz aluminum can with both ends cut off. The can is
inserted into honey bee capped brood, the liquid poured on top and a temperature probe
inserted into the liquid to measure freezing temperatures which decreased on average to 22 degrees Celsius.
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Figure 2.4
Graph shows the average percent removal rate when an area containing ~100-125 brood
cells were freeze-killed using liquid nitrogen (ln) versus compressed air from duster cans
(dc) treatments. Removal rates were recorded 24, 48, and 72hrs after treatment and
results indicate significant main effects of treatment (F = 14.98; df = 1, 30.65; p =
0.0005) and time (F = 65.41; df = 2, 111.6; p < 0.0001).
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